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Drainage Conditions in Iowa
D E P A R T M E N T  O F SO ILS
W . H. ST E V E N SO N . - G , f .  C H R IS T IE .
Twenty years ago our present Secretary of Agriculture, 
Hon. James Wilson said: “ One-third of the lands of this state 
(Iowa) would be greatly benefited by being under-drained. A 
considerable portion is useless without it. Great inconvenience 
is endured by every farmer in cultivating because of wet places. 
A thorough draining of Iowa would surely add one-third to the 
productive powers, and this is better for the farmers than add­
ing one-third to their lands.”
- Although two decades have passed since these words were 
spoken, the farmers and landowners of Iowa have not yet been 
sufficiently aroused to adequately drain their lands as the ex­
perience of the past two seasons abundantly proves. To em­
phasize the truth of this statement we have only to point to 
the thousands and tens of thousands of acres in the state which 
the past season were partially or wholly unproductive because 
of a lack' of drainage. Thè losses resulting from these condi­
tions have been enormous. In the aggregate they amount to 
many millions of dollars. .
This great annual loss to the landowners of Iowa induced tho 
Department of Soils of the Iowa State College to 
institute an extended investigation of the present drainage 
conditions in this state. The careful study of this important 
question was undertaken chiefly for the purpose of obtaining 
data from farmers and landowners which would establish be­
yond all question the argument that the adequate drainage of 
farm lands will prove a profitable investment and, therefore, one 
worthy of the most careful thought on the part of every owner 
of wet land.' The investigation was also carried on for the 
purpose of gathering such important facts and data regarding 
the state-wide need for drainage and for adequate and con­
stitutional drainage laws, that the farmers and landowners, in 
this year of heavy loss, would be led to take prompt and 
intelligent action in behalf of better drained fields and more 
satisfactory drainage laws.
The landowner should look upon drainage purely as an 
investment. Will the improvement pay him a satisfactory per 
cent, on the outlay? His land is his business capital. He has 
'invested a certain sum of money in it and must look to the pro­
duce of the land for returns. Therefore, he must weigh care­
fully the problems which have to do with the cultivation of his 
land, for these problems sustain a most intimate relation to 
profit and loss. Successful farming demands right methods 
of plowing and cultivating ; it demands the maintenance of the 
supply of available plant food in the soil and the preserving of
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satisfactory physical conditions. These results can be secured 
only by means of drainage , which removes the surplus moisture 
from the soil. It has also been found that tile drainage is better 
than surface drainage.
A  comparatively new factor has governed in drainage im­
provements for agricultural purposes within the past two or 
three decades. Formerly when arable land was cheap and 
abundant the farmer did not make an effort to bring into culti­
vation those portions of his farm which required the expendi­
ture of time and labor to reclaim from surplus water.' But 
conditions and land values have changed. Now every progres­
sive landowner regards each unproductive acre of land a source 
of annual loss. He pays taxes upon it, fences it, and loses 
time and money when he endeavors to plow and cultivate ad­
jacent land. But this is not all. There is another source of 
even greater loss. Undrained land is practically worthless, 
whereas, in many instances, the expenditure of a certain sum, 
even as high as twenty or twenty-five dollars in draining an 
acre of wet, uproductive land would make it worth approx­
imately one hundred dollars, for after this improvement has 
been made it would be capable of returning six, seven and often 
a higher per cent, on this valuation.
Of the many factors that enter into this question of drain­
age as an investment and that must be figured upon, there are 
two prominent ones which have a direct bearing upon the 
profits, not for one year only, but for a series of years. This is 
true because a tile drainage system which has been installed 
under the direction of a competent engineer, should, under 
average conditions, remain serviceable for several generations.
The two principal factors to be considered are:
1. How much will the productive capacity of the land be 
increased?
2. In what ways, and how far, will there be a saving in 
labor and cultivation and in the work of general farm man­
agement?
These points will be studied for the purpose of establishing 
the fact that drainage is a profitable investment.
1. DRAINAGE INCREASES THE PRODUCTIVE CAPACITY OF THE
EAND.
What are the present drainage conditions in Iowa? 
Would more drainage increase the productive capacity of our 
farm lands, and if so to what extent? The importance of the 
drainage problem considered as an investment emphasizes the 
pressing need for reliable data which will aid in answering these 
questions and which will also present the actual facts regarding 
drainage conditions in such a light that landowners will be 
moved to drain their fields, because they are convinced that
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money put into this improvement will return a satisfactory in­
come on the investment.
There is but one source from which reliable data regarding 
the present drainage conditions in the state can be secured. 
Therefore, when the Department of Soils, of the Iowa State 
College, decided to study this problem, data was secured from 
the men who possess the largest fund of information along this 
line; namely, the farmers and landowners. These men are 
face to face with the real conditions throughout the year, and 
their judgment and knowledge is such that their statements 
of facts must stand as the embodiment of the most reliable in­
formation at the command of the investigator.
In the early fall of 1903, four thousand letters of inquiry 
were sent to successful, well informed farmers and landowners, 
throughout the state. The following questions were asked:
1. How many acres are there in your farm?
2. How many acres havfe been partially unproductive the past 
season on account of surplus water? (This estimate should include 
not only the low, wet places, but also those fields and parts of fields,, 
which would be in better condition for plowing and cultivation and 
which would yield larger crops, if drained.)
3. How many acres have been wholly unproductive the past 
season?
4. How many rods of tile have you on your farm? What sizes?
5. Have you an adequate outlet if you desire to tile your entire
farm, without crossing a neighbor’s farm or constructing a drainage 
ditch? .
6. Would a district drainage ditch be of value to you and your 
neighborhood ?
7. What per cent, of land in your-township is partially unproduc­
tive because of lack of drainage? ■
Each landowner was also requested to draw a sketch of his 
farm and to mark the wet places which were partially or wholly 
unproductive and greatly in need of drainage, showing their 
location, size and relation to the adjacent productive land. 
Nearly one thousand eight hundred replies were received in 
answer to these questions varying in number from six to fifty 
from each county in the state. The data obtained has been 
expressed on the percentage basis and the statement for each of 
the ninety-nine counties in the state is given in Table I.
Many conservative landowners and drainage engineers who 
have studied the data presented in Table I express the opinion 
that in almost every instance, the estimates which represent 
the loss from partially or wholly unproductive lands are con­
servative and under-state rather than over-state the true con­
ditions. For instance many of these men who are familiar 
with drainage conditions in Iowa agree that there are not less 
than 6,000,000 acres, in the state, partially unproductive on ac­
count of inadequate drainage.
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9,082 45,410 908,200 224,5 50 683,650
51,782 258,910 5,178,200 1,294,300 3,883,900
45,989 229,945 4,598,900 1,149,725 3,449,175
37,é69 188,345 3,766,900 941,725 2,825,175
C
hJ4^O
6
Bulletin, Vol. 7 [1903], No. 78, Art. 1
http://lib.dr.iastate.edu/bulletin/vol7/iss78/1
Crawford . .495 1.6 1,7 .03 1.3 0 0 2 8,999 44,995 899,900 224,975 674,925
Dallas ........ .191 11.5 5.4 10.4 12.2 50 25 13 46,706 233,530 4,670,600 1,167,650 3,502,950
Davis ........ .243 14.2 24.9 .2 13.5 16.7 0 6.2 19,740 98,700 1,974,000 493,500 1,480,500
Decatur . . . .140 0 0 0 0 50 0 1 3,261 16,305 326,100 81,525 244,575
Delaware .. .469 6.4 2.5 6.8 2.7 60 40 14.5 51..565 257,825 5,156,500 1.289,125 3,867,375
Des Moines. .154 23.2 0 1.8 0 71.4 42.8 12 30,069 150,345 3,006,900 751,725 2,255,175
Dickinson . .204 31.9 14.8 9 5.6 55.6 55.6 16.8 37,735 178,675 3,773,500 943,375 2,830,125
Dubuque . . . .140 9.7 7.8 4.3 9.7 66.6 33.3 7.5 27,540 137,700 2,754,000 688,500 2,065,500
E m m et........ .185 23 13 18.7 12 57 57 21.7 51,438 257,190 5,143,800 1,283,450 3,860,350
Fayette . . .  . .329 12.3 6.5 6.2 1.6 20 60 8.3 36,945 184,725 3,694,500 923,625 2,770,875
F lo y d .......... .208 32.5 10.2 7.5 4.0 63.6 45.4 24.1 73,227 366,135 7,322,700 1,830,675 5,492,025
Franklin . . . .200 14.6 . 2.8 9.6 5.7 50 33.3 6.8 24,657 123,285 2,465,700 616,425 1,849,275
Fremont . . . .315 43.1 34.3 35.5 39.4 75 75 17 55,923 279,615 5,592,300 1,398,075 4,194,225
Greene . . . . .200 12.1 7.5 11.6 8.2 50 33.3 16.4 60,047 300,235 6,004,700 1,501,175 4,503,525
Grundy . . . .213 10.8 2.8 13.8 6.3 33.3 0 12.2 38,664 193,320 3,866,400 966,600 2,899,800
Guthrie . . . . .256 10.2 3.6 6.9 3 4 L I 18.7 13.1 125,377 626,885 12,537,700 3,134,426 9,403,275
^Hamilton .. .178 22.9 11.1 15.7 11.9 57.1 42.8 11.8 42,957 214,775 4,295,700 1,073^ 9 25 3,221,775
Hancock . . . .368 29 10.5 12 8.3 75 j ‘ 57.1 27 95,822 479,110 9,582200 2,394,450 7,187,750
Haydin . . . . .188 11.4 5.3 10.8 1.2 66.6 40 14.6 51,253 256,265 5,125,300 1,281,325 3,843,975
Harrison . . .324 2.3 3.3 3.9 5.7 25 25 5.8 24,531 122,655 2,453,100 613,275 1,839,825
Henry . . . . . .300 13 .2 1 1 0 0 5.3 14,414 72,070 1,441,400 380,367 1,061,033
Howard . . . . .220 1.1 .7 .5 .2 0 0 0
Humboldt .. .249 26 17.9 14.6 16.3 '87.5 87.5 29.5 82,383 411,915 8,238,300 2,059,575 6,178,725
Ida .............. .284 8.4 .8 1.3 3.3 20 0 .7 1,803 9,015 180,300 45,075 135,225
I o w a ............ .231 Î5.6 1.9 11.7 f 8.1 30 25 14.1 15,120 75,600 1,512,000 378,000 1,134,000
Jackson . . . .194 5.6 3.5 8'/1 4.7 33.3 33.3 9.3 36,681 183,405 3,668,100 917,025 2,151,075Jasper ........ .243 15.8 9 13.8 12.7 21.3 0 8.2 38,057 190,275 3,805,700 951,425 2,854,275
Jefferson .. .182 36.7 3.6 7.3 .2 16.7 14.3 22.5 60,343 301,715 6,034,300 1,508,575 4,525,725
Johnson . . . .128 1.2 0 0 0 0 0 17.5 67,510 337,550 6,751,000 1,687,750 5,063,250
Jones . . . . . . .195 10.3 1.3 7.4 2.5 14.2 0 3.6 12,769 63,845 1,276,900 319,250 957,650
Keokuk . . . . .174 19.7 24.3 1.6 1.1 40 0 6.1 22,054 110,270 2,205,400 551,350 1,654,050
Kossuth . . . .302 36 10.7 17.4 10.7 62.5 56 23.. 1 135,631 678,155 13,563,100 3,390,775 10,172,125
Lee ............ .253 7.8 10.2 3.3 20.9 28.6 16.7 4.1 12,827 64,135 1,282,700 320,675 962,025
L in n ............ .163 15.3 4.5 14.4 4.3 52.6 21 11.5 49,782- 248,900 4,978,200 1,244,550 3,734,650
Louisa . . . ' . . .229 10.5 5.9 5.6 10.2 72.7 18.1 11 26,177 130,885 2,617,700 654,425 1,963,275
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Lucas . . . -. . .438 14.8 1.7 0 .5 0
L y o n ............ .171 •^ -4.2 .6 5.2 2.8 33.3
Madison . . . .227 6.5 2.2 0 2.9 33.3
Mahaska . . . .263 12.2 1.4 27.8 1.9 33.3
Marion . . . . .200 37.5 5 25 0 50
Marshall . .. .195 12.1 3.5 9.3 3.1 42,8
M ills ............ .381 10.3 6.3 14.1 54.3 33.3
Mitchell . . . . .567 9.1 1.1 1 0 100
Monona . . . . .373 68.7 43.2 13.4 27 78.8
Monroe . . . . .180 0 0 0 0 0
Montgomery 182 4.6 3.5 13.7 2.7 25
Muscatine .. .208 8.9 2.1 4.2 5 60
O’Brien . . . . .284 18 6.4 7 4.8 29
Osceola . . . .193 20.8 9.1 7 5.2 50
Page .......... .229 6.8 2.2 4.7 4.9 18.7
Palo Alto. . . .213 25 8 12.5 1 100
Plymouth .. .248 .4 1 .8 28 0
Pocahontas .251 29.2 11.3 23.7 8.2 85.7
Polk ............ .187 6.1 3.4 4.3 2.4 66.6
Pottaw’tamie 386 6.7 2.9 4.2 5.1 14.3
Poweshiek ...236 7.6 2.1 5.4 3 41.6
Ringgold . . , .374 13.1 2.2 15.5 10.9 25
Sac ............... .262 13.8 5.5 16.2 8 V; 42.1
Scott ........... .240 11.2 .3 22.8 3.4 0
S h e lb y ...........363 .9 .6 1.6 1.3 0
S io u x ............,286 3.1 1.8 8.7 9.4 43
iJStory ............,224 15.4 7 .3 15 13.4 66.6
T a m a ............,356 8.2 2.1 20.3 8.3 50
Taylor .......... 248 8.5 5.1 22 11.6 40 ,
U n io n ............ 265 17 5.6 5.8 3.2 15.8
Van B uren..307 6.9 1.1 11.5 4.8 8.5
W a p e llo ........ 240 30.9 .4 -4 .4 14.3
Warren ........ 209 12.4 6.8 12 5.9 43
Washington .236 34.1 0 6.3 .5 75
Wayne . . . . . . 302 14.7 1.1 4.4 1.1 7.1
6 15,820 79,200 1,582,000 395,500 1,186,500
5.1 17,9.40 89,700 1,794,000 448,750 1,345,250
1.1.6 41,089 205,445 4,108,900 1,027,225 3,081,675
18 .5 66,276 331,380 6,627,600 1,656,900 4,975,700
5 17,558 87,790 1,755,800 438,950 1,316,850
3.7 13,329 66,645 1,332,900 333,225 995,675
13 .2 36,012 180,060 3,601,200 900,300 2,700,900
7,5 20,545 102,725 2,054,500 513,625 1,540,875
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7. 5 19,684 98,420 1,968,400 492,100 476,300
8. 1 28,494 142,470 2,849,400 712,350 2,137,95023. 3 80,314 401,570 .8,031,400 2,007,850 6,023,5506 19,962 99,830 1,996,200 499,050 1,497,150
0
0
0
0
50
18
60
0
89.3
0
25
13.3
23
0
25
33.3
0
71.4
33.3
0
8.5
25
31.6
0
0
17
42.8
0
10
5.2
25
0
.0
25
13.3
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Webster . . . .160 
Winnebago .. 177 
Winneshiek .161 
Woodbury ..  ¡239
Worth ...........214
Wright ____.351
S ta te ...............259
45.5 24.5 21.3
22 12.6 20.9
2.8 1.1 2.1
9.2 4.1 1.2
37.5 10.6 fe.3
26.9 12.6 19
16.2 6.4 9.9
11.6
12.7
1.6
2
2.0
7.4
6.8
85 
75 
25 
75 
100 
83.3 
. 41.7
71.4 17.6 75,500 377,500 7,550,000
61 28.5 68,039 340,195 6,803,900
16.7 15 63,484 317,420 6,348,400
25 11.6 60,637 303,185 6,060,700
100 25 62,570 312,850 6,257,000
76.4 21 77,938 389,690 7,793,800
27.1 11.8 4,062,355 20,311,775 406,235,500
1,887,500 
1,tOO,975 
1,587,100 
1,515,925 
1,564,250 
1,948,450 
101,558,875
5,662,500
5,102,925
4,761,300
4,557,775
4,692,750
5,845,350
304,676,625
to
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PRESENT CONDITION OP" FARM LANDS IN IOWA
The data in Table I shows rripst conclusively that the per­
centage of partially unproductive land in many counties of-the 
state is exceedingly large; in some instances reaching nearly 
one-half of the entire acreage. This fact is significant. The 
farmer is never sure of a crop on land that needs draining. On 
land of this kind there is danger of serious loss if the season-is 
wet, or if the season is very dry; if frost comes early in the fall, 
or if the spring is late.
The fact that in many counties from fifteen to thirty per 
cent, of the land is greatly in need of drainage and is often par­
tially unproductive should challenge the attention of landowners 
in these sections. Can the landowners in Clay, Jefferson, Mar­
shall, Kossuth, Monona, Winnebago, Palo Alto, Washington, 
Emmet, Jackson, Floyd, Cerro Gordo, Worth and Wright coun­
ties afford, in the years to come, to harvest from their fields 
crops greatly short of the yield which these same fields are 
capable of producing when adequately drained? The reduction 
in the yield of the crops in the counties mentioned above is enor­
mous in some seasons, owing to the exceeding large percentage 
of wet land.
There is not a business establishment in the country which 
could successfully meet competition with so large a percentage 
of its working capital unavailable year after year, and the time 
is not far distant when the business of farming must succeed 
or fail in proportion as business principles govern in every tran­
saction. The figures in this table prove the wide-spread need for 
drainage in Iowa. This data should induce farmers to tile thou­
sands and tens of thousands of acres of wet land, for progres­
sive landowners know that this improvement means farming on 
intelligent and scientific principles; that it is the basis on which 
the future agricultural prosperity of our country rests; that it 
is not a mere matter of digging ditches and handling burnt clay 
but it is a subject worthy of the skill of our keenest engineers 
and experts; it is an investment which year after year pays a 
substantial profit of from ten to twenty-five per cent., and in not 
a few cases, even more.
The facts brought out in Table 2 prove that a large amount 
of draining and ditching can be done by the landowners of 
Iowa with very great profit. The first column in this table 
shows the number of acres in each county of the state which 
were partially unproductive in 1903 owing to inadequate drain­
age. . When the facts are thus presented in terms of the unpro­
ductive acreage, the total annual loss to each county and to the- 
state is brought to the attention of landowners with added force.
The second column of this table shows the annual loss of
10
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thousands of dollars in each county of the state These figures 
are based upon the fact that the land reported as unproductive 
is only partially so on an average, and, therefore, yields crops 
equal to a certain per cent, of the full productive capacity of the 
land. When these wet areas are tiled and brought under cultiva­
tion they are often exceedingly rich and productive, hence it 
seems fair to assume that the land reported as partially unpro  ^
ductive will, when adequately drained, produce crops at least 
equal to the average crop yields of the state.
The Year Book of the Department of Agriculture for 1902 
gives the average value per acre of hay in Iowa, based upon the 
farm value, as $10.92 ; Corn, $10.56; Oats, $7.67; Barley, $9-47» 
or an average value for these four crops of $9*65 per acre. If 
we grant that the partially unproductive land yielded crops the 
past season worth approximately half as much as the average 
of the state we have an annual loss of $5.00 per acre. This is 
considered a safe and conservative estimate. Figured upon this 
basis we have in the second column of Table 2 a record of the 
annual financial loss to each of the counties in the state, j Again, 
this annual loss represents a sum of money equal to the interest, 
at the rate of five per cent, per annum, on an amount which 
could be spent in tiling and draining these partially unproductive 
lands and thus bring them to their full productive capacity. 
This profitable limit of expenditure for adequate drainage for 
each county, is given in the third column of Table 2. These 
amounts are counted by the millions of dollars and show graphic­
ally the actual financial loss sustained by the landowners of the 
state by reason of their neglect to deal with this problem of 
drainage as an investment which merits their most careful at­
tention. If we refer to the figures which, represent the profit­
able limit of expenditure for Humboldt, Boone, Jefferson and 
Monona counties, we cannot fail to recognize the fact that the 
vast sums, ranging from seven to fourteen million dollars, are 
vital factors in the agricultural development of these counties. 
Any practical plan of farm management which will increase the 
wealth of these counties by amounts as large as those mentioned 
above, is the very foundation upon which must be built the 
superstructure of profitable and successful farming.
Landowners in other states have come into possession of 
similar vast stores of wealth. Without delay these men drained 
their land and thus greatly increased the productive capacity, 
and hence the value of their farms. The landowners of this 
state can as unfailingly add to their wealth if they will but learn 
well the lesson mastered years ago by their fellow farmers, in 
adjoining states.
Rarely are two systems of drainage on any two pieces of
11
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land exactly comparable from the' stand-point of the cost of the 
improvement; conditions as to soil¡, fall, and outlet vary widely 
and therefore, it is practically impossible to name the figure 
which fairly represents the cost per acre of adequately draining 
the wet lands of the state. In some sections great district 
ditches must be opened ; in other sections nearly every'farmer 
has a satisfactory outlet for his drains. For these reasons the 
estimate of the average cost of draining the partially unproduc­
tive land of the state has been placed at a figure which is con­
sidered high; namely $25 per acre. It is believed that this 
amount is somewhat higher than the actual conditions warrant 
1 he sum expended for adequate drainage in each county at this 
lgh cost per acre, namely $25, would equal just one-quarter of 
the total sum, given in the third column of Table 2, which could 
be expended for this work and return five per cent interest per 
annum on the investment. Therefore, if $25 per acre is expended 
for the purpose of adequately draining the wet lands of the 
various counties of the state, the interest producing wealth of 
each county will be increased by an amount equal to three, times 
the cost of draining the land and of bringing it to a high state of 
productiveness. In not a few of the counties, in which it is un- 
necessary. to establish district ditches, the cost of drainage 
should be much less than $25 per acre, and hence the increased 
wealth would be proportionately larger.
The data in the above tables show that the percentage of 
partially non-productive land in the State is 16.2 or a total of 
4>oó2,355 acres.
The annuarioss in the entire State, because of lack of drain­
age is $20,311,775.
This annual loss in the whole State is a sum which equals 5 
per cent, interest on $406,235,500.
The cost of draining the entire State would be $101,558 875.
The present annual loss from lack of adequate drainage 
would pay 5 per cent, interest on the above cost of drainage and 
would also pay 5 per cent, interest on the following additional 
amount, which represents the increase of wealth which would 
result from the proper drainage of the whole State, $304.676,625
The value of the wheat crop in the State is $12,860,000; the 
value of the pat crop is $26,114,000; the total value of the hogs 
in the State is $43,764,176; the farm implements and machinery 
represent a value of $57,960,660. Therefore, the loss from lack 
of drainage is nearly double the value of the wheat crop of this 
State; is aproximately four-fifths of the value of the oat croo • 
is nearly one-half of the value of all the hogs on Iowa farms’ 
and is over one-third of the sum invested in farm implements 
and machinery. y
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Total loss of corn crop in a portion of field owing to lack of drainage.
DRAINAGE INCREASES THE PROFITS FROM ROLLING LAND
A further interesting point brought out by these investi­
gations is the fact that a large number of farmers stated that 
their land would not be benefited by under-draining, owing to 
the fact that it was rolling and therefore adequately drained by 
the means Nature provided. The number of those who hold 
this view regarding the drainage of rolling land is so large and 
the subject is one of such far-reaching economic importance 
that it is well worthy of careful consideration.
Is it true that rolling land and hillsides are not benefited 
by drainage? On many hillsides there are soft, spongy places 
which are frequently too wet for cultivation and which render 
the lower land partially or wholly unproductive, by reason of 
water which seeps from these springy places and finds its way, 
usually underground, toward the draws. During the past two 
seasons thousands and thousands of acres of undrained hillside 
land have been a source of untold loss to their owners. This 
loss will not be absolute if the experience gained during these 
years of light crops enables landowners to really grasp the fact
13
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that‘'drainage will dry up these;wet places on hillsides and re­
claim the lower land for profitable crop production.
Again, many farmers do not’ appreciate the value of drain­
ing rolling land. They do not understand the results which 
follow tiling land of this character. On hillsides, having a clay 
subsoil, the water which falls upon the surface will sink into the 
soil and be carried off underground instead of over the surface 
if an under-drain has been located in the subsoil at the depth of 
three or four feet. When these hillsides are drained this' surplus 
water will be readily carried off, with the result that the soil will 
not become so thoroughly saturated and surface washing will, in 
a large measure, be prevented. In a few years this well drained 
land will be greatly improved by the accumulation of humus 
within the surface soil; by the circulation of the air among the 
soil particles and by the action of the soil bacteria, which, now, 
for the first time, find within its depths a suitable and congenial 
home. On hillsides not fully drained the surface soil permeable 
by water is very thin and frequently underlaid by a stiff and 
almost impervious clay. The result is that when beating rains 
fall they carry more or less of this surface soil into the valleys 
below. This action annually removes a considerable portion of
Field difficult to cultivate because’of small ponds and wet spots.
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the most fertile soil and is one of the most potent factors in 
keeping these rolling lands less productive than they would be 
under more rational management. _ , .
The investigations reported in this bulletin regarding the 
present drainage conditions in Iowa, serve to establish the fact 
that the loss from the lack of drainage is so great that the time 
has come when landowners should study this drainage problem 
as thoughtfully as they study any important question which is 
intimately connected with their financial welfare. Wide-spread 
and intelligent effort will accomplish large things in drainage 
throughout the State, and will largely increase the productive­
ness and profits of Iowa s farm lands.
2. DRAINAGE LESSENS THE COST OF CROP PRODUCTION
One of the important items in the profit of drainage is 
found in the diminished expense of the- management of the 
Drained fields are unbroken by sloughs and wet places and by 
unnecessary ditches. Kvery farmer has noted the fact that an 
exceedingly large number of fields in this State are difficult to 
plow, cultivate and harvest because of the irregular sloughs and 
wet spots of various sizes which cannot be tilled. These wet 
places cannot be crossed at many times during the year with a 
plow or cultivator. They are not only unproductive, but are 
also a source of great annoyance and expense. Their presence 
in the field often makes short rows and badly shaped lands 
necessary. As a result, a great deal of time and money is lost 
in operating plows, cultivators and harvesters.
Abundant testimony is at hand to prove that farmers have 
successfully tiled wet places,- similar to those mentioned, and 
have thus brought all the land in their fields under the plow. 
Many of these wet spots were regular ponds during rainy sea­
sons, but, through intelligent drainage they have been converted 
into an almost ideal state for cultivation. The diminished ex­
pense in the management of the farms after this improvement 
has been made is an important factor in increasing the net re­
turns from the land. It is practically impossible to determine 
what this increase would be in the State owing to the lack of un­
iformity in the number, size and nature of the swampy areas 
which are found in the different fields. However, every land- 
owner who has been compelled in years past to cultivate broken- 
up fields, realizes that the total annual loss for the State is a
very considerable sum. . '
- There are many fields which are seamed with tortuous, 
open ditches through which surface water flows at certain sea­
sons of the year. These ditches are frequently of such width 
and depth that they can be crossed by a team with difficulty, if
15
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at all. Serious inconvenience in cultivation often results from 
the presence of these open waterways and it is a costly mistake 
that landowners do not more generally lay tile along these 
ditches and plow them shut. When this improvement is made 
the work of tillage is greatly facilitated, and an increased acreage 
is made available for crop production.
a. Meadow, 1 1-2 tons per acre.
b. c. Pasture, 
d. e. f. Corn.
g. Small pasture.
h. i. j. k. 1. Building grounds and feed yards.
1. Low flat ground; wholly unproductive season of 1903.
2. Sloughs.
3. Level; wet, season of 1903.
4. Sloughs; wholly unproductive season of 1903.
16
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Considerable care, however, needs to be exercised in closing 
these open ditches for, in not a few cases, the surface water will 
tend to rush down the old channel in time of heavy rainfall 
and wash out the dirt and tile. A  large number of ditches have 
been tiled and filled during the past few years, and, in every 
case, when properly done, the work has never proven other 
than perfectly satisfactory and a profitable investment.
OPEN DITCH <*-
D IA G R A M  2
a. Oats 35 bushels per acre season of 1903.
b. Corn 50 bushels per acre  ^season of 1903.
c. Corn 35 bushels per acre season of 1903.
d. Permanent pasture.
■ Too wet to cultivate spring of 1903
Meadow, wholly unproductive.
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Over a thousand owners of Iowa farms have furnished 
diagrams which show the size and shape of their farms and the 
location and extent of the low, swampy places which have been 
too wet for cultivation the past season. From this entire num- 
ber two diagrams are here presented which graphically show 
how fields of gram and meadows are frequently broken up by 
ponds and low places and are rendered almost unfit for profit­
able crop production. It is believed that these drawings quite 
fairly represent the actual conditions on thousands of farms in 
the State.
Diagram I shows the arrangement of fields, and the size 
location and relation to one another of the low, wet places on a 
240-acre farm in Union County.
The fields marked D and F  are each 40-acre corn fields. 
In D there are three sloughs, ranging in size from one-half acre 
to one acre, and so located with reference to one another that 
this field cannot be cultivated without serious loss of time and 
much additional expense. The conditions in F are very similar 
to those m D and are open to the same criticism. Here are 
eighty acres which last season yielded twenty-five bushels of corn 
per acre and the cost of production must have been greatly in­
creased by reason of the broken-up fields. There are only one 
hundred rods of three and four inch tile on this 240-acre farm 
There is an outlet adequate for tiling all of the fields.'
-1 herefore, without doubt a well planned system of tile drainage 
would carry the water from these numerous sloughs, render the 
land far more productive than it is at the present time, and 
greatly reduce the cost of production of the hay and cereal crops.
Landowners in this State will find this question of cost of 
production one worthy of careful consideration. The crop of 
corn referred to above, where the yield was twenty-five bushels * 
per acre, did not pay if the cost of production was equal to the 
average cost in the State. Government statistical reports for 
a period of ten years show that the cost of raising corn includ­
ing all items of expense, is approximately ten dollars per acre, 
the average farm price of corn for the same period has been 
33 1-3 cents per bushel. This twenty-five bushel crop, therefore 
would not pay the cost of production inasmuch as the average 
crop of the State (thirty-two bushels per acre) represents a profit 
of only 66 2-3 cents per acre.
t View ^lese facts it is not difficult to understand why 
Iowa landowners should adopt every practical method which will 
cut down the cost of crop production. The drainage of the 
slougns and wet places, and the filling of the many open ditches 
are factors which will contribute in large measure, to this result.
18
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Diagram 2, represents a 200-acre farm in Emmet Comity. 
The wet land on this farm, unfit for cultivation, constitutes so 
large a percentage of the entire acreage and is so distributed 
that it is a serious drawback to the economical management .of 
the place. On this farm not only is there serious loss resulting 
from the added expense in cultivating broken-up fields, but still 
greater loss is occasioned by the fact that this wet land must be 
kept in pasture and meadow continuously and, therefore, cannot 
be used in a systematic crop rotation. No system of farm man­
agement can prove permanently successful which is not based 
upon a well ordered rotation. Therefore, the problem of main­
taining the fertility of the land is a very important one on farms 
which have as large a percentage of land which cannot be cul­
tivated as has this one shown in the diagram. If this Emmet 
County farm was thoroughly tiled, the land could then be laid 
out in well shaped fields and the cost of cultivation and harvesting 
would be reduced to a minimum. In addition, the entire farm 
could then be successfully placed under a systematic crop rota­
tion.
A  study of these two diagrams, representing as they do con­
ditions on tens of thousands of farms, cannot fail to emphasize 
the fact that the landowners of the State lose vast sums annually 
by reason of failure to drain the smaller ponds and wet places 
which break up their fields into irregular lands and hence 
materially increase the cost of cultivation and of harvest.
SUMMARY
1. Over four million acres of Iowa land would be greatly 
benefited by tile drainage.
2. A  very large percentage of this number were wholly- 
unproductive last year.
3. The direct financial loss to this State last season through 
lack of adequate drainage was approximately twenty million 
dollars.
4. The rapid rise in land values makes tile drainage im­
perative ; it also makes it a profitable investment.
5. Under-draining benefits rolling lands. It prevents the 
loss of the most valuable part of the soil through washing and 
by removing the surplus ground water prevents seepage.
6. Thousands of acres of our most fertile lands are un­
drained. These unproductive acres represent millions of dollars 
of unavailable capital. Considered as an-investment their re­
clamation is highly profitable.
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7- By facilitating the cultivation and harvesting of other­
wise broken fields drainage lessens the cost of crop production.
8. Rotation of crops is esslential to successful farming. On 
thousands of farms throughout the State well planned, systematic 
drainage can alone make this possible.
9- Bast season the loss to this State through lack of ade­
quate drainage was nearly double the value of our wheat crop; 
was approximately four-fifths of the value of the oat crop; was 
nearly one-half the value of all the hogs on Iowa farms and over 
one-third of the sum invested in farm implements and machinery.
io. Thousands of acres of the most fertile soil in neighbor­
ing states have been reclaimed by drainage within the past two 
decades. It has proved a highly profitable investment. It will 
prove no less profitable in Iowa.
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NOTES AND TABLES ON DRAINAGE ENGINEERING
A s s i s t a n t - P r o f e s s o r  L. E. A s h b a u g h ,
Department of Civil Engineering, Iowa State College.
The weather and soil conditions of the past two years have 
caused the people of Iowa to realize' the need of drainage. Iowa 
land is now too valuable to be permitted to remain a waste on 
this account. The question then arises as to the method of 
securing the desired results.
In the past a considerable part of the drainage work at­
tempted has proven unsatisfactory because done without the 
services of a competent drainage engineer. The grades and 
sizes of drains have usually been merely guessed at. To help 
remedy this the following tables and notes of information have, 
been prepared by the Civil Engineering Department of the 
Iowa State College.
TABLES AND EXAMPLES FOR TILE DRAINS AND OPEN DITCHES
I  T A B L E  1. N U M B ER O F  A C R E S  D R A IN E D  BY T IL E S  R E M O V IN G  X ' INCH  D E P T H
O F W A T E R  IN 2 4  HOU RS
ft Grades Diameters of Tile Drains Grades
Per 3 4 6 8 10 i i  I it  | is 20 -2 1 24 Inches Per
fcnt per rod inch inch inch inch inch inch inch inch inch inch ; 1inch per rod cent
[0.03 1-16 37 59 109 159 205 254 319 1-16 0.03
b 05 3-32 5 13 28 49 75 131 219 264 332 411 3-32 0.05
b to 3-16 4 . 7 19 40 69 109 186 289 373 ,471 582, 3-16 0.10
b 15 9-32 4 9 24 49 85 132 232 355 458 677 713 9-32 0.15
b.20 3-8 5 10 28 56 97 153 264 410 529 667 823 3-8 0.20
in 30 9-16 6 12 33 69 119 188 322 502 648 808 1008 .9-16 0.30
Ó 40 13-16 7 14 39 79 138 216 371 580 748 942 1165 13-16 0.400 SO m 8 16 44 89 154 246 416 648 838 1050 1300 1 3-16
0.50
0 00 i 3-16 9 17 48 97 169 266 457 710 911 1154 1422 1 0.60
0.70 i 3-8 10 19 501 105 182 287 488 768 988 1242 1549 1 ;->-b « .r<0
[o so 0-16 10 20 55 114 195 307 526 822 1059 1332 1645 1 9-16 0.80
10 00 3-4 10 21 59 119 207 326 558 872 1123 1414 1747 1 3-4 0.9011 22 62 126 218 343 589 917 1176 1495 1838 2 1.0013 28 75 153 267 419 722 1123 1450 1824 2256 3 1.50
P-00 4 15 31 88 178 309 485 832 1297
1676 2110 2594 4 2.00
13.00
14.00
5
7
15-16
15-16
19
22
39
45
107
123
216
253
377
437
. 593 
683
1020
1176
1589 1957 2592 57
15-16
15-16
3.00
4.00
|5.00 9 7-8 25 50 138 280 486 765 14 7-8 7.50[7.50 14 7-8 30 61 169 344 19 13-16 10.00ao.oo 19 13-16 35
Í
71 195 s
The above table is computed from the form of Poncelet’s formula, 
recommended for use with tile-drains by C. G. Elliott, drainage expert to 
the U. S. Agricultural Department, Washington, D. C., who recom­
mends the above sizes to drain ground water only. If surface water is
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also to be removed, as in the case of ponds without other outlets, the 
tiles will drain safely only one-half to one-third the number of acres 
given in the table.
When part of the land in the water shed is rolling, not requiring 
tiling, count only one-third of such rolling land, in addition to all of the 
low, flat land, in getting the size of tiles to remove ground water only.
Example 1. What size of tile laid to a 0.1 % grade will carry the 
under drainage of 160 acres of flat land? Answer 15 inches.
Example 2. What size of tile to a 0.2 % grade will carry the under 
drainage of 240 acres, two-thirds rolling? Answer 80 acres flat land plus 
one-third of 160 acres rolling gives 133 1-3 acres requiring a 12 inch tile.
Example 3. What size of tile laid to 0.3 % grade will be required 
to remove both ground and surface water from a pond whose water-shed 
includes 40 acres? Answer 10 inch. (Note.—Double or triple the area 
for both ground and surface water).
Note. If it is not practicable to use such a large tile as is required to 
carry a large amount of surface drainage, a broad shallow depression, cul­
tivated or kept in grass, may be maintained alongside of the drain to carry 
the surface overflow from heavy rains. A 12-inch tile may .thus often be 
used in place of the expensive 15-inch or 18-inch tile.
T A B L E  2. N U M B E R  O F A C R E S  D R A IN E D  BY OPEN  D IT C H E S
Depth of Water 3 feet. Depth of Ditch at least 4 feet.
Grades Average Width of Water
Per
cent
Feet per 
Mile
4
feet
6
feet
8
feet
10
feet
15
feet
20
feet
30 . 
feet
50
feet
0.02 1.0 725 970 1570 2240 5300 18400
0.04 2.1 400 690 1000 1360 2250 4700 7470 26100
0.06 3.2 492 850 1260 1690 2770 5770 18400 31900
0.08 4.2 572 980 1460 1950 4b20 6670 21400 37400
0.10 5.3 636 1100 1630 2180 _ 5360 7440 23700 41400
0.15 7.8 791 1330 2010 2670 6600 19000 30200 52100
0.20 10.6 905 1560 2310 4720 7870 21800 35000 60300
0.25 13.2 1020 1740 2660 5300 17500 24600 39000 67700
0.30 15.8 1100 1970 2900 5850 19400 26800 42700 740ÔÔ
0.40 21.1 1300 2290 OU5U 6740 22200 30800 49400 85700
0.50 26.4 1475 2559 5620 7500 24800 34800 55300 95200
0.60 31.7 1600 2790 6230 16500 27200 37600 60400
0.70 37.0 1720 3010 6650 17800 29400 41200
0.80 42.2 1850 4850 7170 19100
0.90 47.5 1955 5140 7550 20100
1.00 52.8 2050 5400 7980
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T A B L E  3. N U M B E R  O F  A C R E S  D R A IN E D  BY OPEN  D IT C H E S  
Depth of Water 5 feet Depth of Ditch at least 6 feet.
Grades Average Width of Water
20 30 50
feet feet
Per
cent
Ft.
per
mile.
6
feet
0.02 1.0 980
0.04 2.1 1390
0.06 3.2 1710
0.08 4.2 1980
0.10 5.3 2220
0.15 7.8 2720
0.20 10.6 4820
0.25 13.2 5370
0.30 15.8 5900
0.40 21.1 6830
0.50 26.4 7600
0.60 31.7 157U0
0.70 37.0 18100
0.80 42.2 19000
0.90 47.5 20500
8 10 15
feet feet feet
1470 1900 5000
2090 2800 7200
2560' 5100 1760U
2980 6100 20400
5010 7600 23400
6300 17100 28700
7300 19500 83000
16300 21900 37500
17903 23900 40700
20600 27700 47000
23000 31000
25200 33903
27300
7150 23800 43800
2040;) 33500 62500
24700 40800 75500
30000 48800 88000
83400 54500 98000
40500 66700 120000
473(0 77000 139000
53000 86000 155000
57000
67000
94000 170000
T A B L E  4. N U M B ER O F  A C R E S D R A IN E D  BY O PEN  D IT C H E S  
Depth of Water 7 feet. Depth of Ditch at least 9 feet'.
Grade Average Width of Water
Per
cent
Feet
per
mile
8
feet
10
feet
15
feet
20
feet
30
feet
50
feet
0.02 1.0 23'»0 4700 16600 28000 48000 88500
0.04 2.1 4850 6740 23400 35400 58000 106000
0.06 3.2 5920 17000 29600 43400 72000 129000
0.08 4.2 6940 19100 34200 50000 83000 150000
ft. 10 ,  5.3 7720 21800 38400 56000 92600 167030
0.15 7.8 10400 27000 47200 68500 112000 202000
0.20 10.6 22400 31300 54200 78700 130000 235000
0.25 13.2 25000 34800 60500 88000 146000
0.30 15.8 274()0 38200 66200 96500
0.40 21.1 31700 44100
0.50 ~ 28.4 35400
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T A B L E  5. N U M B E R  O F A C R E S  D R A IN E D  BY OPEN  D IT C H E S
Depth of Water 9 feet. |§| , Depth of Ditch at least 11)4 feet.
Grade Average Width of Water
Per
cent
Ft. per 
mile
10
feet
15
feet
20
feet
30
feet
50
feet
0.02 1.0 6550 27800 40800 69500 127000
0.04 2.1 18500 34400 50000 83500 157000
0.06 3.2 22600 41600 61000 103000 193000
0.08 4.2 26300 48300 71000 120000 221000
0.10 5.3 30400 54000 79100 132000 244000
0.15 7.8 37300 66100 96200 162000 298000
0.20 10.6 42900 76200 104000
0.25 13.2 48000 85300 125000
0.30 15.8 52500 93200
0.40 21.1 60800
The tables for open ditches are calculated by the well known, Kut- 
ter’s formula, using a “ coefficient of roughness” equal to 0.03. This 
coefficient of roughness is the value recommended by Kutter for chan­
nels in moderately good condition having stones and weeds occasionally. 
For ditches in firt-class condition, the number of acres may be increased 
about 25%. The tables have been calculated for ditches having sides 
with slopes of one foot horizontal to one foot vertical but are approx­
imately correct for other slopes.
The capacity of the ditches has been made as recommended by C. 
G. Elliott, U. S. Agricultural Department drainage expert, as follows, 
the ditches to run not more than 8-10 full for the capacities mentioned:
Above the upper heavy line, (tables 2, 3, and 4) %  in. depth of 
water per 24 hours.
Between the heavy lines, % in. depth of water per 24 hours.
Below the lower heavy line % in. depth of water per 24 hours.
Local conditions may vary the size needed* and it is/ necessary to 
consult a drainage engineer in each case.
Example 4. What width of ditch, having a fall of 5 feet per mile, 
and a depth of water of 3 feet, will be required to drain an area of 5 
square miles (3200 acres) ? Answer. About 12 feet.
Example 5. What size ditch having a fall of 3 feet per mile, and 9 
feet depth of water, will drain an area of three townships (691-20 acres) ? 
Answer. About 22 feet. j
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ADVICE TO LAND OWNERS ABOUT TO CONSTRUCT DRAINS
1. Employ a reliable drainage engineer to make surveys, 
and plan your system of drainage. Otherwise you are very lia­
ble to throw away part of your money.
2. Require from your drainage engineer a complete map 
or plat of your drains, showing the exact location, sizes, grades 
and depths. Remember that your drains will be out of reach 
(except at much cost and trouble) after they are covered.
3. Make your drains of ample size. Drains which are too 
small fail when you need them most, in wet seasons.
4. Put your tile down to a good depth. Otherwise they 
will not draw well to any considerable distance. Make them 
four feet deep in the lowest ground if possible. The extra cost 
of good depth is small in proportion to the total cost.
5. Have your drainage engineer inspect the work during 
construction and test the grades of the drains and see that the 
work is well done. Many tile become choked with mud be­
cause not laid true.
6. Be sure to protect the outlet. Build a bulkhead wall of 
brick or stone to hold the end. Also use a piece of iron pipe at 
the end, if tile is not too large, or for large drains use a few 
feet of sewer pipe cemented.
7. If you are obliged to construct an open ditch, make it 
at least five to seven feet deep, if possible, to give good outlets 
for tile, and to avoid choking up.
8. The bottoms of open ditches should be at least three 
feet wide, and the sides should be given slopes of at least one 
foot horizontal to one vertical to avoid choking. Dirt should 
not be piled near the edges of the bank.
POINTS TO NOTE IN PLANNING YOUR DRAINAGE SYSTEM
1. Character of the land, as swampy, low, sloping, dry, 
etc., also retentive or open, depth of surface soil, condition of 
sub-soil, etc.
2. Acreage of various kinds just described, their location 
relative to drains, etc.
3. The outlet, its character, capacity, depth, protection re­
quired for tile, etc.
4. Fall or grade for mains, submains, and laterals, with 
depth of cutting, required.
5. Various expedients, such as the use of cut-offs across 
necks of land, to save distance and gain fall.
6. Your drainage engineer should be competent to handle 
these problems.
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ON PROPERTY ASSESSMENTS
1. Place the highest assessment on the swampy land, next 
highest on the wet, pasture lafnd, then a small amount on the 
low land which is tillable but needs tiling, and little or no assess­
ment on the rolling, dry land.
2. The land in the immediate vicinity of the drain is assess­
ed higher than that some distance away.
3. Land near the upper end of the drain is assessed the 
highest on this point, gradually decreasing to a small amount 
at the outlet.
COST OF TILE DRAINS
The following data show the average cost of tile drains during 1903 
in the vicinity of the college. Local markets should be consulted before 
applying them elsewhere.
Price per W eight Cost of Cost of laying, per foot
Size of Tie per foot hauling 1000 ft. in depth per rod.1000
feet.
Lbs. for 5 miles. 
See Note 1 See Note See Note 2 3
4 inch $ 20.00 8 . $ 5.00 8c to 15c
5 inch 27.00 10 6.25 8c to 15c
6 inch 37.00 12 7.50 10c to 15c . . .
8 inch 58.00 20 12.50 12c to 15c 25c
10 inch 85.00 30 18.75 15c to 20c 25c
12 inch 115.00 40 25.00 30c15 inch 255.00 50 31.25 35c
18 inch tile and larger sizes are “special” at many yards, and prices 
and weights should be obtained as needed.
Note 1. Cost of hauling is based on expense of $1.25 per ton, two 
trips per day.
Note 2. This includes digging ditch and laying tile, filling to be 
done by owner. Price given assumes ordinary work in good soil, the 
smaller price being for shallow work.
Note 3. This is taken from prices for mains laid in wet soil in large 
drainage districts. It includes digging, laying and filling.
Example 6. Find cost of a main drain, there being 1500 feet of 15 
inch tile, and 1200 feet of 12 inch tile, average depth 5 feet, length of 
haul allows two trips per days.
Answer:
Tile. 1500 feet-15 inch tile @ $255 =: $ 383
1200 feet-12 inch tile @ 115 = 138
— $521
Hauling. 1500 feet-15 inch tile @ $31.2£= $ 47.00
1200 feet-12 inch tile @ 25 00=: 30.00
------$ 77
Laying. 91 rods 15 inch tile @ $ 1.75= $160.00
73 rods 12 inch tile @ 1.50=: 110.00
------$270
Engineering commissioners fees, etc., (de­
pending on character of work) say h i 42
Estimated cost. $9l0
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THE CONTRACT AND SPECIFICATIONS
It is advised that a definite arrangement be made between property 
fowner and contractor in regard to drain construction, and this should be 
Bn the form of a contract signed by both parties. The following speci- 
[fications and form of contract is taken from Mr. C. G. Elliott’s “Engin­
eering for Land Drainage,” and is recommended for general use.
CONTRACT.
It is hereby agreed between......................... ................................... ...........
'employer, and....................................................................................  contractor,
that the'said................. .............................. ......... will construct the following
named or described tile drains in accordance with the foregoing speci­
fications, at the prices herein named, and that he will begin the work 
on or before...........................................and complete the same b y ..................
Witness the hands of the respective parties, this day of
Employer.
Contractor.
SPECIFICATIONS.
The lines for the ditches are indicated on the field by stakes which 
have been set by the engineer, and the depths and grades given by him 
shall constitute a part of these specifications.
Digging the Ditches. The digging of each ditch must begin at its 
outlet, or at its junction with another tile drain, and proceed towards its 
upper end. The ditch must be dug along one side of the line of survey 
stakes, and about ten inches distant from it, in a straight and meat 
manner, and the top soil thrown on one side of the ditch and the clay on 
the other. When a change in the direction of ditch is made, it must be 
kept near enough to the stakes so that they can be used in grading the 
bottom. In taking out the last draft, the blade of the spade must not 
go deeper than the proposed grade line or bed upon which the tiles rest.
Grading the Bottom. The ditch must be dug to the depth indicated 
by the figures given with the survey, which depth is to be measured 
from the grade stakes which are set for that purpose, and graded evenly 
on the bottom by means of thè “ line and gauge method” or “target,” or 
any other equally accurate device for obtaining an even and true bottom 
upon which to lay the tile. The bottom must be dressed with the tile 
hoe, or in case of large tiles, with the shovel, so that a groove will be 
made to receive the tile, and when laid in it will remain securely in place.
Laying the Tile. The laying of the tile must begin at the lower end 
and proceed up-stream. The tile must be laid as closely as practicable, 
and in lines free from irregular crooks, the pieces being turned about 
until the upper edge closes, unless there is sand or fine silt which is 
likely to run into the tile, in which case the lower edge must be laid 
close, and the upper side covered with clay or other suitable material. 
When, in making turns, or by reasons or iregular-shaped tile, a crack of 
one-fourth inch or more is necessarily left, it must be securely covered 
with broken pieces of tile. Junctions with branch lines must be care­
fully and securely made.
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B inding the Tile. After the tile have been laid and inspected by 
the person in charge of the work, they must be covered with clay to a 
depth of six inches, unless, in the judgment of the superintendent, the 
tile are sufficiently firm, so that complete filling of the ditch may be 
made directly upon the tile. In '*o case must the tile be covered with 
sand without other material being* first used.
Risk During Construction. The ditch contractor must assume all 
risks from storms and caving in of ditches, and when each drain is 
completed it must be free from sand and mud before it will be received 
and paid for in full. In case it is found impracticable, by reason of bad 
weather or unlooked-for trouble in digging the ditch, or properly laying 
the tile, to complete the work at the time specified in the contract, the 
time may be extended as may be mutually agreed upon by he employer 
and contractor. The contractor shall use all necessary precaution 'to 
secure his work from injury while he is constructing the drain.
The Tile to be Used. Tile will be delivered on the gound convenient 
for the use of the contractor. No tile must be laid which are broken, or 
soft, or so badly out of shape that they cannot be well laid and make a 
good satisfactory drain.
Payments for Work. Unless otherwise hereafter agreed upon, the 
contractor may at any time claim and receive from the employer seven­
ty-five per cent of the value of completed and accepted work at the price 
agreed upon in the contract. Twenty-five per cent will be retained until 
the entire work contracted for is completed and accepted, at which time 
th whole amount due will be paid.
Prosecution of the Work. The work must be pushed as fast as will 
be consistent with economy and good workmanship, and must not be 
left by the contractor for the purpose of working upon other contracts, 
except by permission and consent of the employer. All survey stakes 
shall be preserved and every means taken to do the work in a first-calss 
manner.
Failure to Comply with Specifications. In case the contractor shall 
fail to comply with the specifications, or refuse to correct faults in the 
work as soon as they are pointed out by the person in charge, the em­
ployer may declare the contract void, and the contractor, upon receiving 
seventy-five per cent of the value of the completed drains at the price 
agreed upon, shall release the work and the employer may let it to other 
parties.
Subletting Work. The contractor shall not sub-let any part of the 
work in such a way that he does not remain personally responsible, nor 
will any other party be recognized in the payment for work.
Plan and Tools. The contractor shall furnish all tools which are 
necessary to be used in digging the ditches, grading the bottom, and lay­
ing the tile. In case it is necessary to use curbing for the ditches or 
outside material for covering the tile where sand or slush is encount­
ered, the employer shall furnish the same upon the ground convenient 
for use.
All plans and figures furinshed by the engineer, together with the 
drawings and explanations, shall be considered a part of thesé specifica-
THE NEW DRAINAGE LAW
The last General Assembly of Iowa has passed a law 
whereby one or more property owners may secure drainage with 
proper outlet, etc. The order of procedure is:.
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1. Make petition to the Board of Supervisors of your 
county, designating thè general course of the desired drain, 
lands affected and benefits proposed.
2. The Supervisors appoint a competent drainage engin­
eer to make investigation and report.
3. The Supervisors consider the report, and if they au­
thorize the construction of the drain, they notify all owners of 
property affected, setting a time for hearing claims.
4. If all is satisfactory, a commission is appointed to as­
sess the property.
5. The engineer carefully lays out the work and construc­
tion proceeds.
A similar procedure may be used for making alterations or 
improvements.
“Drainage Engineering Notes,’ ’ a little pamphlet containing the tables 
and much of the information here given, may be had on application to the 
Civil Engineering Department of the Iowa State College.
i
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